The impact of third molars in occurrence of secondary mandibular incisor crowding has been a disputable subject and is reviewed in the dental literature for many years. The relationships between lower third molar angulation, eruption level, and eruption space to lower anterior crowding are not completely understood. Aim To evaluate the relation between the third molar angulations, eruption space, eruption level, and mandibular anterior crowding. Materials and Methods Pretreatment plaster study models (mandibular dental arches) and orthopantomograph of 40 individuals, aged between 12 and 22 years, were part of the study. The whole sample was divided into two groups based on the Little's index of irregularity: group I-control group (n = 20) composed of patients with index 0 to 3 mm, and group II-study group (n = 20) composed of patients with index > 3 mm. Calculations were made for the third molar eruption depth, eruption space, and angulation. Statistical Analysis Mean values were compared for selected dimensions between the control and study groups with Student's t-test. Results Statistically significant differences for Ganss ratio in right side between the control and study groups with a p-value of 0.049 were observed. Statistically insignificant difference was seen between the control and study groups for other parameters. Eruption level B was found for maximum molars in the study group, 95% on right and 85% on left side. Conclusion It was inferred that no strong relation exists between the third molar eruption level, space, and angulations to mandibular anterior crowding.
Introduction
Human face and dental arches go through major changes during growth and adaptation to the environment. Rapid and relatively extensive changes occur during mixed dentition period and continue until appearance of all permanent teeth. Age-associated changes in the dental arches do not cease with commencement of adulthood but continue at a slower rate throughout adult life. 1 The mandibular incisor crowding is an acclaimed problem, whose cause is obscured by its multifactorial nature. It has been a substance of debated discussion over the years. There are multiple factors contributing to it, in different people, at various stages of development, for example physiologic mesial drift, anterior component of force of occlusion, mesial vectors of muscular contraction, developing third molar, amount and direction of late mandibular growth, skeletal structure and complex growth patterns, soft tissue maturation, occlusal changes, tooth morphology, periodontal forces, path of eruption, and degenerative tissue changes, which may be involved.
Relationship of Mandibular Third Molar to Mandibular Anterior Crowding Sood et al.
For a long time, the third molar development and their interaction with the dentition has been of great concern to general dentists and dental specialists. Third molar is a tooth characterized by variability in the presence or absence in the oral cavity, time of its formation and calcification, its course of eruption and final position, and its crown and root morphology. Erupting third molars continually change their angular positions and show important preeruptive rotational movements. 3 Radiographic appearance of starts as early as the age of 5 years and up to the age of 16 years, commonly erupting in the oral cavity between the ages of 18 and 24, and they present the highest rate of impaction. 3, 4 Even though, third molars are not directly involved in orthodontic treatment in maximum cases, but in a few cases, they can influence the latter or be influenced by it. This indicates their direct influence in treatment planning. The impact of third molars in advancement of a late mandibular incisor crowding has been controversial for many years and has been discussed in the dental literature.
The intent of this study were, therefore, measurement of the mandibular anterior segment to evaluate potential third molar influence on lower incisor crowding and to find relations, if any, between mandibular anterior crowding and retromolar space/lower third molar crown width, eruption level, and molar angulation. 
Materials and Methods
This study was performed in the Department of Orthodontics and Dentofacial Orthopaedics, Bhojia Dental College Baddi, H.P. Pretreatment plaster study models (mandibular dental arches) and orthopantomograph of 40 patients (males = 11, females = 29) with ages varying between 12 and 22 years with mean age of 15.40 years, were included in this study.
Only the patients fulfilling the following selection criteria were involved in the study.
Inclusion Criteria
• Full complement of teeth presents intraorally, irrespective of the third molars.
• Third molars should be present in the OPG (orthopantomograph). • Minimal damage to tooth dimension by caries or attrition.
• Presence of crowding of 0 to 3 mm for control group and > 3 mm for study group in the mandibular anterior region as measured by Little's index of irregularity for study group.
Exclusion Criteria
• Absence of third molar.
• Presence of retained deciduous teeth, supernumerary teeth, etc.
• Presence of mandible asymmetries.
• Presence of large restorations, artificial teeth.
• Presence of skeletal disorders and abnormalities.
• Individuals who have had prior orthodontic treatment or orthognathic surgery.
• Individuals who were not willing to take part in the study.
Little's index of irregularity was measured for all the 40 patients, and based on the values obtained, the sample was divided into two groups (►Table 1).
Assessment of Mandibular Anterior Crowding on Plaster Study Models
On the dental plaster model, horizontal linear displacements from the anatomic contact points to contact point between lower canine, using a digital caliper was done, and summation of measurement was used for Little's index of irregularity calculation (►Fig. 1). 5 Each cast was subjectively ranked on a scale ranging from 0 to 10, using the following criteria 5 :
• were identified and marked on the OPG and traced on matte acetate sheet, with a 0.5-mm-diameter lead pencil and measurements were made. Measurements were done on both right (R) and left (L) sides.
Landmarks Used in the Study
Areas of the mandibular third molar (M3), mandibular second molar (M2), mandibular first premolar (P1), anterior border of ramus, nasal septum, and anterior nasal spine (ANS) on the OPG were traced (►Fig. 2).
• Long axis of the second molar 6 : It was drawn extending from the mid-occlusal point and midpoint of root bifurcation of the second molar.
• Long axes of the third molar buds 7 : It was traced as the perpendicular bisector of a line connecting outlines of the most mesial and distal cervical areas.
• OP 8 : It is the line joining the tips of most superior cusps of the first premolar and tip of most superior mesial cusp of the second molar. A perpendicular line touching the most distal point of the second molar crown was also drawn from OP.
• HRP 9 : Nasal septum and ANS were marked, and line joining them was traced and bisected. A perpendicular line to this midline bisector extending bilaterally through palatal shadow was drawn, termed as horizontal reference plane.
Measurements Used in This Study
Linear Measurements Eruption Space 
Angular Measurements
• Third molar angulation with second molar 6 : It is the angle formed by long axis of the mandibular third molar and long axis of the mandibular second molar.
• Third molar angulation with OP: It is the angle formed between OP and long axis of the third molar.
• Third molar angulation with HRP 9 : It is measured by the angle formed between the HRP and long axis of the mandibular third molar (►Fig. 5).
Statistical Analysis
Values obtained for linear and angular measurements were subjected in IBM SPSS software (version 22 Armonk, NY). Mean and standard deviations were calculated for each parameter for each group.
Comparisons of mean values for various parameters selected for third molars between these control and study groups was made using the Student's t-test.
Results
This study was performed in 40 patients with age group of 12 to 22 years with mean age of 15.40 years. The sample was divided into two groups: control group (n = 20) without lower anterior crowding and the study group (n = 20) with lower anterior crowding of more than 3 mm on the basis of Little's index of irregularity.
The measurements were made for mandibular third molar space (Ganss ratio), eruption level, and molar angulation with second molar, OP, and a constructed HRP. Mean and standard deviation for the data were calculated and summarized in ►Table 2. Comparison of parameters between the control and study groups were made using the Student's t-test, which showed a statistically significant difference in Ganss ratio of right side of the study group when compared with control group as depicted in ►Table 3.
Ganss Ratio
The mean value for Ganss ratio was greatest in the right side of control group (0.763 ± 0.354), followed by left side of control group (0.7170 ± 0.252) and then in left side of study group (0.673 mm ± 0.227), with lowest mean on right side of study group (0.570 ± 0.232). Results showed statistically significant difference for Ganss ratio between the control and study groups in the right side with a p value of 0.049 (►Tables 2, 3).
Third Molar Angulation with Second Molar
The mean value for third molar angulation with second molar was greatest in right side of control group (29.95 ± 24.676), followed by left side of study group (29.55 ± 12.107) and then in right side of study group (26.40 ± 10.850). The lowest was found in the left side of control group (24.73 ± 22.86). Statistically insignificant difference between the control and study groups were seen (►Tables 2, 3).
Third Molar Angulation with Occlusal Plane
The mean value for third molar angulation with OP was highest in the left side of study group (122.95 ± 11.157), followed by right side of study group (122.35 ± 11.070) and then in left side of control group (120.85 ± 17.977). The lowest mean was found in right side of control group (116.90 ± 31.99). Results showed statistically insignificant difference between the control and study groups (►Tables 2, 3).
Third Molar Angulation with Horizontal Reference Plane
The mean for third molar angulation with HRP was highest in left side of control group (45.27 ± 20.59), followed by right side of study group (44.00 ± 13.083) and then in right side of control group (42.68 ± 21.31). The lowest mean was found in left side of study group (39.550 ± 12.701). Student t-test showed statistically significant variation between control and study groups (►Tables 2, 3).
Eruption Level
Of the total 40 patients, 80% in the control group had eruption level B on right side and 65% had eruption level B on left side, 20% and 35% patients had eruption level C, in right and left sides, respectively. In study group, 95% and 85% patients had eruption level B on right and left sides, respectively. Five and 15% patients had eruption level C on right and left sides, respectively (►Table 4, ►Fig. 6).
Discussion
The study of the mandibular third molar has always aroused great interest in clinical practice. The development of space for the third molar is affected by various factors, including backward slope of anterior border of ramus in relation to the alveolar border, resorption of bone from anterior border of ramus, forward movement of dentition, growth in length of the mandible, sagittal direction of mandibular growth, and sagittal direction of eruption of dentition. 6 Third molar eruption can be anticipated at an early age during orthodontic treatment, and then later occurrences of difficult impactions can be avoided. During this time, the third molar bud is developing and undergoing important rotational preeruptive movements. 11, 12 The influence of the third molar on mandibular incisor crowding is evaluated in the dental literature and has been a challenging subject for many years. Therefore, 40 patients in this study with age group Third molar angulation measurements on lateral cephalograms as in previous studies by Artun (2005) , Erdem (1998), and Capelli (1991) may be partial due to differences in angulation between superimposed contralateral images. 14 Similar problems are present in any cephalometric study on changes in the posterior tooth positions and can only be avoided if measurements are made on 60-degree head films of right and left sides as depicted by Richardson (1978) . 12 However, OPGs have shown to be a unfailing indicator in evaluating third molar positions as shown by Olive and Basford (1981) , 15 Ganss et al (1993), 8 and so they were used in this study.
In this study, when comparisons were made between the control and study groups, significant differences (p = 0.049) were noted in relation to third molar space on right side. It was seen that when the third molar space is less, the lower anterior crowding is more. Also, it was noticed that the molar crowding is more when eruption level of the third molar is between the OP and CEJ level of the neighboring second molar, that is, partially erupted. However, statistically insignificant differences were found for the third molar angulations between both the groups. Overall this study results depicted no clinically significant relation of the third molar to the mandibular incisor crowding.
The measurements used in this study were the Ganss ratio, 8 given by Ganss et al (1993) , 8 previously used by Olive and Basford 15 to evaluate space. If the ratio values are > 1, 70% of teeth would gradually enter into the arch. Lower values indicated probability of impaction. 8 Hence, it may be proposed that, if enough space is present for the third molar to erupt, tooth takes a normal position in the arch and does not exert any adverse effect on other teeth, whereas if space is inadequate, third molars may increase preexisting crowding. The variations occurring at low values of the Ganss ratio may be accounted for by the physics of force vectors. 16 These findings strengthen those of the previous studies, which showed that the third molars have no clinically significant relation to the mandibular incisor crowding. Studies were conducted by Hasegawa et al (2012) 17 and Cherian and Ravi (2016) 14 regarding Ganss ratio and third molar angulation. They concluded that there was insignificant correlation between lower anterior crowding and lower third molar angulation. The Ganss ratio calculations in their study showed that lower first and second molars and the second premolars are inclined mesially if there was insufficient space for the lower third molars. Buschang and Shulman (2003) , 18 Shanley (1962), 19 and AI Balkhi et al (2004) 20 concluded in their respective studies that third molars were not associated with crowding and significant greater crowding took place during adulthood which was in concordance with our study. Zachrisson (2005) 21 also denies a correlation between third molar eruption and anterior incisor crowding. Dahlberg (1945) implied that last tooth to develop in each field is most variable in size and development. 22, 23 The irregular developmental path of third molars in humans and B, partially erupted; C, unerupted.
Fig. 6
Distribution of sample in control and study groups regarding eruption level. B: partially erupted; C: unerupted.
12 to 22 years with mean age of 15.40 years were selected to determine whether the variations in molars had any favorable or unfavorable effect on the mandibular incisor crowding. The sample in this study was divided into two groups: control group (n = 20) with lower anterior crowding < 3 mm (minimal or no crowding) and the study group (n = 20) with lower anterior crowding of > 3 mm on the basis of Little's index of irregularity. Puneky et al (1984) found significant correlation (r = 0.84, p < 0.001) between irregularity index and space condition. 13 the great fluctuation in their path of eruption may justify absence of a significant correlation between angulations of this tooth, as depicted in this study.
Also, the authors Little et al (1981), 24 Weinstein (1971), 25 Björk and Skieller (1972), 26 and Siatkowski (1974) 27 propose there are multiple reasons of incisor crowding, but do not believe there is an relation with third molar eruption. There is a tendency for incisors to retrocline with age. Lower incisors might move under the forces of tongue and lip muscle contraction that may be responsible for increased crowding. Crowding became more severe in adolescents, young adults, or even later in life with no obvious cause. Lundström (1969) , 28 Harradine et al (1998), 29 Ades et al (1990), 30 and Lindauer et al (2007) 31 suggested that third molar removal with the objective of preventing mandibular incisor irregularity might be unjust.
Conversely, some authors concluded that third molar had a significant relation with mandibular incisor crowding. Bergström and Jensen (1961) , 32 Vego (1962), 33 and Moorrees and Reed (1952) 34 noted that there was greater crowding in the quadrants in which third molars were still present, than in those in which third molars were absent. Richardson (1979) , 35 (1989), 36 and (1996) 37 observed first molar drift and incisor crowding in patients with retained third molars. Lindquist and Thilander (1982) 38 stated extraction of the impacted third molars relieved anterior crowding.
Björk and Skieller (1972), 26 while studying tooth eruption and facial development throughout adolescence, found no evidence to confirm a correlation between late lower labial segment crowding and third molar eruption. Kaplan (1974) 39 and Bishara (1999) 40 expressed that there was no significant influence of third molars on the width and length of dental arches, and theory that third molars exert pressure on the teeth mesial to them could not be validated.
The role of the third molar still is a debatable issue despite multiple attempts to resolve its role in late anterior crowding. Further detailed studies are also required to assess correlation between lower anterior crowding and third molar eruption depth, angulation and space in different skeletal malocclusions, and also in different facial morphologies, including large sample size.
Conclusions
• Student's t-test showed significant difference for Ganss ratio in right side between control and study groups with p = 0.049. • Statistically insignificant difference for third molar angulations between control and study groups was observed.
• Study group showed more molars 95% on right side and 85% on left side in B level.
From this study, it can be concluded that no strong relation exists between the eruption level, eruption space and angulation of third molar, and the level of mandibular anterior crowding.
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